The prevalence of peripheral arterial disease (PAD) and especially of critical limb ischaemia (CLI) is announced to rise dramatically worldwide, with a considerable impact on the health care and socio-economic systems. We aimed to characterize the recent trends in morbidity and in-hospital outcome of PAD among all hospitalized patients in the entire German population between 2005 and 2009.
Introduction
Peripheral arterial occlusive disease (PAD) is strongly agedependent, affecting ,3% of the general population ≤50 years of age but this rate increases to .50% with higher ages and extensive cardiovascular risk profiles. 1 -4 The clinical status varies from asymptomatic (vast majority of PAD population) to claudicants (exercise-induced symptoms of the lower limbs), and to those having rest pain and/or tissue loss due to critically reduced limb perfusion, categorized as critical limb ischaemia (CLI). Peripheral arterial occlusive disease patients constitute, regardless of their symptomatic status, an extensive high-risk subset for cardiovascular ischaemic events such as myocardial infarction and stroke. 5 -7 The expected dramatic rise in atherosclerotic vascular diseases due to ageing of population and an increased prevalence of atherosclerotic risk factors in Western countries will pose an economic challenge to health systems and healthcare providers. Acquisition of accurate and systematic data on morbidity, mortality, and outcome is a prerequisite for establishment of effective preventive and therapeutic measures to successfully face and overcome those medical and economic challenges. However, contemporary available epidemiological and socio-economic data on PAD are derived from small-sized regional and/or restricted cohorts and are extrapolated to ascertain an estimate for a large-scale population. Trend data for an entire healthcare system and nation have not been available until now. Moreover, it is unclear in how far the efforts to enhance the adherence to guidelines-based therapeutic recommendations alongside with increasing endovascular revascularization (EVR) procedures affected the incidence and outcome of PAD. The aim of the current analysis wasto provide stage-specific data and trends on hospitalization rates, morbidity, in hospital-mortality, EVR, major and minor amputations, procedural-related mortality, and the individual and global economic burden related to in-hospital treatment of PAD in Germany from 2005 to 2009.
Methods
The introduction of a diagnosis and the procedure-related flat-rate remuneration system (German Diagnosis Related Groups, G-DRG-system) for all somatic in-patient services in Germany in 2003 has led to a uniform 'product-definition' of in-patient care.
In addition, detailed mandatory coding guidelines were implemented and all hospitals were obligated from 2004 on to transfer data on diagnoses, co-morbidities, medical services, procedures-related complications, and patient characteristics to the Institute for the Hospital Remuneration System (InEK) for the annual revision of the G-DRG-system.
Additionally, most variables of this data set are made available for scientific purposes by the Federal Bureau of Statistics. This allows now, for the first time, thorough exploration of the in-hospital characteristics of a certain disease over time for the complete population of Germany.
Data source
We analysed data from the Research Data Centers of the Federal Bureau of Statistics and the statistical offices of the federal states for the years 2005, 2007, and 2009 to obtain PAD characteristics and in-hospital outcomes and trends. The Database contains all in-patient treatments in German hospitals (total population data set) except treatments in psychiatric or psychosomatic hospitals or wards on a case base (i.e. the entire analysis was based on hospitalization cases and not on individual patients).
Analyses were performed by the Research Data Center using a dedicated statistical analysis program written in SAS (SAS 9.2: SAS Institute, Inc., Cary, NC, USA) and the results were sent to the authors.
Diagnoses and procedure codes
The German remuneration system requires the coding of a principal diagnosis for all in-hospital patients, which represents the underlying reason for hospital admission. Furthermore, additional diagnoses are coded to reflect comorbidities and complications co-existing with the principal diagnosis. Each diagnosis has to be coded according to the German Modification of the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10-GM) and the German coding standards. In comparison with the WHO Version of the ICD-10, some diagnoses are more differentiated in the German Version (particularly due to the coding requirements of the G-DRG-System). These give us the possibility to distinguish between different PAD-stages on the basis of claims data.
Similar to the ICD-classification for diagnoses, all diagnostic, endovascular, and surgical procedures have to be coded according to the German Procedure Classification (OPS). 
Patients and definitions

Statistical analysis
The frequencies of distinct ICD codes characterizing the heterogeneous in-patient population with PAD are given as absolute numbers (n) and percentages (%). Amputation data are given in percent and calculated by dividing the number of amputations during the index-hospitalization in each Fontaine group by the number of hospitalizations in that Fontaine group per year. The x 2 test was used to compare changes in overall and stage-specific hospitalization numbers over time. The in-hospital-mortality rates (95% confidence intervals) for different Fontaine classes were calculated using the Poisson regression model. 9 Values are given as number of deaths/year/1000 residence days. Statistical analyses were performed using SAS (SAS 9.2: SAS Institute, Inc., Cary, NC, USA). A P-value ,0.05 was considered significant.
Results
Overall and stage-specific hospitalizations
A total of 1.3 million hospitalizations with PAD were identified and analysed. Baseline characteristics including age, gender and distribution of PAD stages according to Fontaine classification, the prevalence of cardiovascular risk factors and of comorbidities are presented in Table 1 .
Among 15 million hospitalizations in Germany in 2005, a total of 400 928 (2.67%) had PAD. This figure increased to 483 961 among 16.2 million hospitalizations in 2009 (3.0%). Except for the subgroup of Fontaine III which remained constant, the increase in all other subgroups of PAD was highly significant over time (P , 0.0001). The relative increase in overall hospitalizations and in those having PAD from 2005 to 2009 was 8 and 12%, respectively, indicating a disproportionate increase in PAD hospitalizations, particularly among Fontaine IV-subset (+32%). Likewise, the percentage of CLI (Fontaine Class III and IV) among hospitalized PAD cases increased from 40.6 in 2005 to 43.5 in 2009. Compared with asymptomatics and claudicants, patients with CLI were older, with 50% being .75 years old and had a higher percentage of female gender ( Table 1) . CLI ( Table 1) . Hypertension was present in .60% of PAD cases with a continuous increase in prevalence over time. Concomitant chronic renal failure (¼GFR , 60 mL/min) among PAD patients rose from 16.2% among claudicants and 28% among CLI patients in 2005 to 22.4 and 37.4% in 2009, respectively (a relative increase of 38 and 34%, respectively). Coronary artery disease (CAD), however, remained constant, affecting 30% of Fontaine class IV and 37% of claudicants. In contrast, chronic heart failure among all hospitalized PAD patients increased from 10.4% in 2005 to 14.8% in 2009. The increase in the prevalence of chronic heart failure was more pronounced among Fontaine IV patients (from 12.7 to 18.3%) than in claudicants (from 8.9 to 11.7%).
Cardiovascular risk factors and comorbidities
Revascularization procedures and amputations
The detailed numbers and trends of endovascular and surgical revascularization procedures as well as the numbers of major and minor amputations for each Fontaine class are illustrated in Table 2 .
From 2005 to 2009, there was an increase of 46% in overall in-hospital EVR procedures. The highest increase over time in EVR was observed in Fontaine IV subset (+73%) followed by the claudicants (+39%) and Fontaine III (+35%), while the lowest increase was observed in Fontaine I/IIa (6%). During the same time period, the total number of thrombectomy/embolectomy, endarterectomy, and of patch plastic increased by 67, 42 and 21%, respectively, while the total number of peripheral bypasses decreased by 2%. Similarly to the endovascular procedures, the highest increase in the abovementioned surgical procedures was observed in Fontaine IV, followed by claudicants and Fontaine III subgroup ( Table 2) .
In 2005, a total of 38 415 amputations (major+minor) were performed with a ratio of major to minor amputation of 48 to 52%, respectively. In 2009, the number increased to 41 458 with a major to minor ratio of 40-60%. Despite an increase of 8% in total amputation number, the percentage of major amputation decreased from 4.6 in 2005 to 3.5 in 2009 (relative decrease of 25%). Minor amputations increased during the same time period from 4.98 to 5.11% (relative increase of 2.8%). The most pronounced change occurred in Fontaine IV patients with a 31% decrease.
In-hospital and periprocedural mortality
The crude overall in-hospital mortality among hospitalized patients with PAD in 2005 was 2.2, 5.9, and 9.8% for claudicants, for cases with rest pain, and for those classified as Fontaine IV, respectively. In 2009, these figures slightly decreased to 2.2, 5.3, and 8.4%, respectively. In-hospital mortality rate was lower among patients undergoing EVR compared with those who did not have an EVR. Periprocedural mortality rate did not change over time ( Table 3) . As illustrated in Figure 1 , the in-hospital mortality rates according to the Poisson model (n/1000 hospital residence days) were higher in patients with CLI compared with claudicants (P , 0.001) and remained unchanged over time, while mortality rates among claudicants significantly increased from 2005 to 2009 (P , 0.01). Women exhibited generally higher mortality across all PAD stages compared with men with the highest gender difference among CLI patients. As illustrated in Table 3 , .50% of all in-hospital deaths among all PAD patients occurred in Fontaine IV patients. Major amputation was associated with 20% periprocedural mortality, while the rate among patients undergoing minor amputations was 2-5%, depending on the PAD stage. Table 4 (no reimbursement data available for 2005). The total reimbursement costs for the in-hospital treatment of PAD were E2.14 billion in 2007 and increased to E2.56 billion in 2009, an increase of 21% within 2 years. With regard to the proportion of these PAD-related costs to the costs due to all hospitalizations, there was also an increase from 4.52% in 2007 up to 4.84% in 2009. Although CLI patients represented only 43.5% of all PAD patients, the expenditures for CLI patients accounted for 52% of all PAD reimbursement costs.
In-hospital reimbursement costs
Discussion
The introduction of the G-DRG-system in Germany in 2003 allows now, for the first time, thorough exploration of the characteristics of PAD over time. The current analysis of PAD characteristics in the entire German healthcare system particularly highlights two important aspects of PAD.
Firstly, the medical aspect: the number of hospitalizations with PAD is disproportionately increasing with a dramatic rise among CLI patients, particularly those categorized as Fontaine IV. These patients have substantially higher degree of morbidity and higher in-hospital mortality compared with asymptomatics and claudicants (Tables 1 -3 ). Although the tendency of reduction in major amputations and the periprocedural and in-hospital mortality rate is encouraging, the yearly figures of 18 000 major and 24 000 minor amputations in Germany with an increasing tendency in the latter one is alarming and warrant every effort to reduce these numbers. An in-hospital death rate of 2.2% among claudicants and particularly the 9% death rate among CLI patients during the same hospital stay underscore the malign prognosis associated with PAD and the need for further improvement of existing therapeutic strategies.
The second aspect that is highlighted by this analysis is the economic burden that is impeding by PAD to the German healthcare system: the total reimbursement costs for the in-hospital treatment of patients with PAD were E2.6 billion in 2009, representing an increase of 21% compared with 2007. Although CLI patients represented only 43.5% of all hospitalized PAD patients, the corresponding expenditures for this subset accounted for 52% of all PAD reimbursement costs.
Although the PAD population burden (defined by the absolute number of all individuals in a society suffering from PAD) to a healthcare system has been demonstrated to be higher for women than for men, 10 our data show that among all PAD-related hospitalizations only 30% among claudicants and 40% among CLI patients were women, indicating a gender disparity in that women suffering from PAD receive hospitalized care to a lesser degree than their male counterparts. Gender-related differences in PAD treatment have already been described previously. 11 However, elaboration of the underlying causes for this disparity was beyond the scope of the current analysis. This aspect has to be further investigated in prospective, population-based studies. ICD, International Classification of Diseases; EVR, endovascular revascularization; n.a., no data available.
The 46% increase in EVR procedures between 2005 and 2009 in our analysis is a trend that has been observed consistently in all contemporary PAD-related studies and analyses. 11 -13 Likewise, the slight decrease in peripheral bypass surgery procedures as illustrated here mirrors the global shift from invasive surgical to endovascular-first therapeutic strategy, that is propagated by recent recommendations and guidelines. 14 However, the marked increase of EVR procedures in general PAD population, particularly in claudicants, is in a strong contrast to the number of revascularization in the subset of PAD population that is in desperate need of revascularization, i.e. patients with CLI. Considering the fact that revascularization is the therapy of choice for limb salvage in CLI patients, 14, 15 Reimbursement characteristics among in-hospital PAD subgroups have not been investigated yet. When comparing costs among diverse vascular fields (coronary, cerebrovascular, and peripheral), patients with PAD have been shown to have the highest hospitalization and total annual costs. 16 -18 The higher costs in CLI patients compared with claudicants can be attributed to the extensive therapeutic measures in this subset: as illustrated by this analysis, CLI patients require prolonged hospitalization and a higher rate of costly amputation procedures compared with claudicants and asymptomatic PAD patients. However, our data alongside with previously published data from Medicare databases demonstrate that even patients with asymptomatic PAD create a significant health economic burden, which has been shown to be mainly due to myocardial and cerebral ischaemic events. Margolis et al.
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calculated from a healthcare database (1999) (2000) (2001) (2002) (2003) in a US population a total averaged annualized costs of PAD-related care of $5955 per PAD patient per year. This amount per PAD patient per year is very close to the costs provided by our analysis ( Table 4) . Economic analysis of the REACH registry also revealed higher hospitalization rates, higher revascularization procedures and consequently higher costs for treatment of PAD compared with CAD and CVD. 17 Our data close the existing gap in knowledge of PAD stage-specific costs among different PAD subgroups in that the reimbursement costs are related to the severity of PAD in terms of clinical stage according to Fontaine classification. Compared with an asymptomatic or claudicant patient, a Fontaine IV patient causes 52% higher costs for the in-hospital treatment.
It has to be pointed out that the figures provided here are just the in-hospital costs. In addition to the direct costs for in-hospital treatment, there are secondary costs such as for rehabilitation, nursing home, and the value of lost work capacity due to PAD and amputation-related functional impairment. Therefore, the de facto PAD-related economic burden to the national healthcare systems is higher than mirrored only in the hospitalization costs. Nevertheless, the in-hospital PAD-related costs provided by our analysis may serve as potential inputs into health economic models aimed at examining the long-term cost implications and cost-effectiveness of different therapeutic strategies. 
Strengths and limitations
Our study has several strengths. Since the data are derived from an entire healthcare system of an 80 million population adhering to the diversity with respect to age, gender, regional, and ethnic differences, it is highly representative for an industrialized nation. This extensive analysis also provides insight into the temporal changes regarding the distribution of different PAD classes indicating a shift towards increased prevalence in more advanced forms of PAD (i.e. CLI) as well as regarding the growing economic burden that is posed by PAD to the healthcare system. Such data might be helpful in design and implementation of clinical trials, for healthcare providers and health policymakers to face the upcoming economic challenge.
Apart from the above-mentioned strengths, there are several limitations that have to be addressed: First, the data presented here do not include the entire spectrum of PAD population (i.e. in-and outpatients) as the analysis was restricted only to hospitalized patient. Thus, the exact magnitude of out-patient (ambulatory) PAD population on the epidemiological characteristics and the economic impact remains unknown. However, it is conceivable, that out-patient population and particularly the PAD-related out-of-hospital costs considerably add to the de facto epidemiological and economic burden that is posed by PAD to the German healthcare system. Secondly, the DRG coding system is not specifically designed to obtain all information that are relevant for scientific purposes. In this analysis, for instance, risk factors such as hypercholesterolaemia, smoking habits, and genetic backgrounds are not reported, because they apparently do not increase the complexity of the in-hospital treatment. Therefore, it is probable that due to lack of reimbursement motivation these secondary diagnoses are neglected and thereby constituting a bias.
Thirdly, the entire analysis was based on hospitalization cases and not on individual patients. The number and figures illustrated here reflect the stage-specific hospitalizations and trends. It does not allow the direct extrapolation from PAD cases to PAD patients, since some patients could be included more than once in the statistics.
Fourthly, as the vast majority of those having PAD in stage I and IIa is either completely asymptomatic or have only mild symptoms, therefore rarely hospitalized primarily for PAD, their exact number might be underestimated. Likewise, the true increase in overall number and trend of EVR may be underestimated by our analysis, since more and more EVR are performed in an out-patient setting.
Fifthly, the uniformly nationwide implementation of such a complex coding system is usually subjected to a 'learning curve'. There might be some inaccuracy in the first year regarding the correct coding, especially PAD as a secondary diagnosis. Last but not least, enhanced perception of the importance of PAD among the general population as well as among healthcare providers might have partly contributed to the observed increase in PAD diagnoses and subsequent treatment.
In conclusion, despite all measures to optimize the public awareness for PAD and to implement primary and secondary preventive measures to optimize the underlying atherosclerotic risk factors, PAD-related hospitalizations and related costs are dramatically increasing. Despite some positive trends in outcome measures such as decreasing major amputation and mortality rates, PAD population . remains a subset with extensive high burden of morbidity and mortality, particularly those patients with CLI.
